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TABLE II 

SPECTR0PH01 'OMETRIC RUNS: FORMALDEHYDE 

Run Temperature 
(•0) 

Initial 
Concentration 
KaOa (raol/1.) 

1.27 

Initial 
Concentration 
CHaC (mol/1.) 

8.6 

Reaction 
Rate 
Constant 

• 1 25.0 0.116 

• 2 25.0 i.:.8 0,86 0.111 
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To determine the possible contribution of heterogensoue 

processes, a run was made at 22°C. In vhloh a quantity of glass 

wool of 10 micron diameter vas added to the flask.  Initial 

concentrations were 0.0241 molar hydrogen peroxide, 0.04?4 

molar aoetaldehyde and the Area of the glass wool was estimated 

at 4000 sq. om. as comp&rt to about lbO sq. om. for the reaction 

flask alone.  The results gave a rate constant of 0.66, from 

which It may be oonoluded that the glass surfaoe makes no 

contribution to the reaction. 

To Investigate the possibility that the reaction Is free 

radioal In nature, two different tests were made at 22°C on 

the system water-acetaldehyde-hydrogen peroxide.  The first 

procedure used was to add 10 parts per million of ferrlo Ion to 

the reacting solution.  Since it is generally believed that 

ferric ions catalyze the formation of OH radicals from hydrogen 

peroxide, it was thought that perhaps this addition would have 

an effect on the reaction rate.  (This concentration of ferric 

ion was found to decompose about $%  of a 0.3M solution of hydrogen 

peroxide in one hour.) The analyses In these tests were by the 

chemical method.  Secondly, a strong meroury-vapor lamp was 

placed, above a beaker containing the reacting solution, and the 

rate determined by chemical analysis. Reaotant concentrations 

were approximately as above.  In the ferric ion run, k was found 

to be 0.67; In the run with ultraviolet radiation, k was 0-41. 
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la another study a run was made using the epeotrophotometer 

equipment in the usual fashion except that the ultra-violet 

source was directed through the reacting solution only during 

a few brief intervals In whloh measurements were taken, rather 

than continuously. Ho significant difference in the results was 

noted.  It therefore is highly probable that under the conditions 

studied the reaotion is not free-radical in character, and that 

the ultra-violet radiation of the spectrophotometer had no 

significant effect on the results. 

The runs using added hydroohlcrlo add establish that the 

reaotion is aold-oatalyzed, but insufficient data were obtained 

to lormulate a rate equation to Include this effect. 

Reagent grade chemicals were used for all studies.  The 

acetaldehyde was found to have a small acid content, amounting 

to an average of 1.3# of the acetaldehyde present.  The effect of 

this aoid content on the rate constants repo ted Is probably 

small..  If it is assumed to be aoetio aoid and the reaction rate 

is assumed, as an approximation, to have the same dependency on 

the hydrogen ion concentration as that exhibited with hydrochloric 

aoid, this would amount to a correction of 10-20^ of the value of 

i. reported.  The propionic aoid present In the proplonaldehyde 

used was less than 0,6%.     The aoid content of the formaldehyde 

used was not determined but sinoe aqueous solutions of formaldehyde 

are fairly stable, the aoid concentration was probably very low. 
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No corrections for aold catalysis were made to any of the data 

reported. 

DISCUSSION 

Figures 1 and 2 show the reproduolbility of the chemical 

analysis method.  The ohange in slope of the curve of Figure 1 

after about 5 minutes time can be attributed to the reverse 

reaction.  In Figure 2 the runs seem to start at a time of -3 

minutes.  The cause was a temperature rise of the reaotants 
i 

above 0°C during the pipetting and other manipulative procedures 

at the beginning of a run which produced a more rapid reaction 

before the solution was cooled haok down to 0°C.  Likewise 

in Table 1, a few runs using high concentrations gave somewhat 

higher values of k, presumably due to the rapid rate of the 

initial reaction which would e evate the temperature of the mixture 

v • 
slightly above that of the bath.  The olose correspondence between 

the results obtained with the two methods of following the 

reaction gives confidence as to the reliability of the rate 

constants obtained. 

It might have been expected that the reaction would be first 

order with respect to both hydrogen peroxide and acetaldehyde. 

However, the data obtained with all three aldehydes instead 

olosely fit a two-thirds order expression 'or the aldehyde.  The 

evldenoe for this conclusion is best seen in the results of 

Table 1, in which the various runs cover initial hydrogen peroxide 
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and acetaldehyde concentrations each Tarying by a faotor of 

over 100. 

An assumption that the acetaldehyde concentration should 

enter the rate expression as either the one-half or first 

power leads to a very considerable scatter of the values of 

k thus calculated.  In this connection it is interesting to 

Jxamine the results of Dunlot, Perrln, and Style on the rate 

of reaction of formaldehyde and hydrogen peroxide (£). They 

reported their kinetlo data fitted to a second order equation, 

but a recalculation assuming a two-thirds order for the 

formaldehyde brings their results much closer together.  This 

has been done in Figure 4.  The values of kd as they calculated 

them are shown for the two runs they reported, (which were made 

in the presence of 0.0025M sulfurlo acid).  The reaction 

rate constants are seen to be signlfioantly different for the 

formaldehyde concentrations whioh varied by a faotor or two. 

Also shown are their original data multiplied by the original 

formaldehyde concentration to the one-third power, to obtain 

a k conformable to a two-thirds order rate expression.  It is 

seen that this brings their calculated results quite close 

together.  The new value of k thus calculated is about 0.05, 

whioh is one-half of the value found in the present work. 

Most of the difference between these two values is caused 

by the difference between the absorptivity asoribed to the 
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mono-addition product of hydrogen peroxide end formaldehyde. 

Dunioi, Perrln, and 3tyle took It to be 30%  of that of 

hydrogen peroxide, while in the present work it was assumed 

to be 80%,  based on the studies with aoetaldehyde.  The 

oaloulated value of the rate constant is much more sensitive 

to the absorptivity a99umed for the addition product in the 

oase of the formaldehyde reaction than of the aoetaldehyde 

reaction, sinoe formaldehyde is almost 100JC hydrated in aqueous 

solution.  The absenoe of the oarbonyl group causes the hydrated 

formaldehyde to have relatively little absorptivity.  The rate 

constant of Dunloz, Perrln, and Style as recalculated above may 

be compared with that obtained here by (1) allowing for the 

difference in assumed absorptivity of the mono-addition product, 

and (2) adjusting thplr rate constant for the 0.0025M sulfuric 

add concentration present in their runs, using their rate 

expression for the effect of the acid.  If this is done, their 

rate constant and the one obtained here become identloal. 

\ The two-thirds order with respect to the aldehyde indicates 

1 that the reaction is probably fairly complex, rather than the 
! 
I simple one whioh has been accepted (6).  Such a rate expression 

j is awkward to Interpret kinetioally, and may be associated in 

H some way with polymer formation in solution.  The faot that the 

reaotlon follows the two-thirds order expression for the 

aldehyde over the wide concentration range studied, and i 
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for all three aldehydes makes It highly unlikely that 

simultaneously-ooourrlng reactions were being observed. 

The rate constants obtained show that the rate of reaotlon 

of an aldehyde with hydrogen peroxide Increases in the order: 

formaldehyde, aoetaldehyde, proplonaldehyde.  It might hare 

been expeoted that the reverse would be true, if the species 

were each present in solution In the monomerio form, since 

presumably the sterio factor would become smaller with 

increasing molecular complexity.  However, it is known that 

formaldehyde is almost 100£ hydrated in aqueous solution (jf) 

and that aoetaldehyde Is about 55# hydrated at 25°C (1). 

Presumably proplonaldehyde Is less hydrated than aoetaldehyde. 

It would be expeoted that the reaction of the oarbonyl group 

with hydrogen peroxide might be similar to that with water. • ' 

In the studies here the aldehyde has previously reached an f 

equilibrium degree of hydratlon, and it seems reasonable to 

postulate that the hydrogen peroxide reacts only with the 

unhydrated form of the aldehyde.  The differences in the relative 

reaction rates of the three aldehydes oan then be attributed i 

mainly to the fraotion of the specie in each oase whioh is 

present in the unhydrated form oapable of reaotlon. j 

On cooling and condensing the products from the partial 

oxidation of a hydrocarbon, the aldehydes will presumably exist 



I 

I 

1?. 

Initially In the unhydrated form.  If hydrogen peroxide Is 

also present, the hydration and peroxide-addition reactions 

will then presumably compete for the free aldehyde.  Apparently 

no studies have been published on the rate of hydratlor. of 

formaldehyde, but some Information Is available on that of acetaldehyde 

(2,3). For example, at 0°C the half-time for the hydratlon 

of a O.^K concentration of acetaldehyde in neutral water solution 

Is about 8 minutes (2).     This Is roughly four times as rapid 

as the hydrogen peroxide addition reaction at this concentration 

and temperature. 

The rates of these various reactions greatly affect the 

results obtained when It Is attempted to separate the products 

of a hydrocarbon partial oxidation reaction by fractional 

condensation.  For example, in a previous study (8) it was 

found that the partial pressure of formaldehyde in the product 

gas leaving the condenser at various condenser temperatures 

was substantially less than the equilibrium partial pressure of 

formaldehyde above the aqueous solution formed, although the 

acetaldehyde partial pressure closely followed the theoretical 

values at all condenser temperatures studied.  A reasonable 

explanation of these results is the postulatlon that during 

the residence time in the condenser a substantial amount of 

formaldehyde addition product with hydrogen peroxide was formed 

but not that of acetaldehyde.  This addition product would 
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presumably have a lover volatility than formaldehyde hyirate. 

In the studies reported here, the peroxide addition reaction 

to hydrated aldehydes was less rapid for formaldehyde than 

acetaldehyde, but the reverse could readily be true when the 

aldehydes are Initially In the unhydrated form.  It is also 

possible that gas or liquid-phase polymerisation of formaldehyde 

can account for some of these observations, although the 

polymerization rates appear to be muoh slower than the addition 

reactions.(^)lt would be Interesting to teat some of these 

hypotheses by determining the hydratlon rates of formaldehyde, 

and the reaction rates of hydrogen peroxide with unhydrated 

formaldehyde and aoetaidehyde In a medium which la non-aolvatlng 

and non-polar. 

• 
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